Flexible Concentric Ring Electrode for Non Invasive Bioelectrical Surface Recordings  by Prats-Boluda, Gema et al.
 Procedia Engineering  47 ( 2012 )  1223 – 1226 














VSDWLDO UHVROXWLRQ LV RQH LPSRUWDQW GLVDGYDQWDJH RI WKLV NLQG RI HOHFWURGHV WHQGLQJ WR SLFN XS SK\VLRORJLFDO
LQWHUIHUHQFHV&RQFHQWULF ULQJ HOHFWURGHV KDYH DOUHDG\ EHHQ LPSOHPHQWHG LQ ULJLG VXEVWUDWHV WR LQFUHDVH WKH VSDWLDO
UHVROXWLRQ LQ WKH UHFRUGLQJ RI ELRHOHFWULFDO VLJQDOV VXFK DV WKH HOHFWURFDUGLRJUDSK\ (&* RU WKH
HOHFWURHQFHSKDORJUDSK\ ((* 2XU JRDO ZDV WR GHYHORS DQG WHVW D QHZ PRGXODU DFWLYH VHQVRU PDGH XS RI D
GLVSRVDEOH VHQVLQJ SDUW ZLWK FRQFHQWULF ULQJ HOHFWURGHV SULQWHG RQ D IOH[LEOH VXEVWUDWH E\ WKLFNILOP WHFKQRORJ\
FRQQHFWHG WRDEDWWHU\SRZHUHGVLJQDOFRQGLWLRQLQJFLUFXLW DQG WRFRPSDUH LW WR ULJLGFRQYHQWLRQDOFRQFHQWULF ULQJ
HOHFWURGHVLPSOHPHQWHGRQSULQWHGFLUFXLWERDUG6LPXOWDQHRXV(&*UHFRUGLQJVZHUHFDUULHGRXWXVLQJERWKIOH[LEOH







%LRHOHFWULFDO DFWLYLW\ LV D VSDWLRWHPSRUDO SURFHVV ZKLFK LV VSDWLDOO\ GLVWULEXWHG RYHU WKH WKUHH
GLPHQVLRQVRI RUJDQ V\VWHP DQG HYROYHV LQ WLPH ,W LV RI JUHDW LPSRUWDQFH WR LQWHUSUHW WKHELRHOHFWULFDO
VLJQDOVQRWRQO\LQWKHWLPHGRPDLQEXWDOVRLQWKHVSDFHGRPDLQZKLFKFRQVLVWVLQORFDOL]LQJELRHOHFWULFDO
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E\ VLPSOH LQFUHDVLQJ WKH QXPEHURI ERG\ VXUIDFH UHFRUGLQJ HOHFWURGHV >@ ,Q WKLV UHVSHFW FRQVLGHUDEOH
HIIRUWV KDYH EHHQ PDGH WR VWXG\ WKH IHDVLELOLW\ RI ERG\ VXUIDFH /DSODFLDQ HOHFWURJUDPV WR ORFDOL]H
ELRHOHFWULFDOVRXUFHV>@7KHRUHWLFDOO\ODSODFLDQRIVXUIDFHSRWHQWLDOLVSURSRUWLRQDOWRWKHGHULYDWLYHRI
WKHFRPSRQHQWRIWKHFXUUHQWGHQVLW\RUWKRJRQDOWRWKHERG\VXUIDFH,WFDQEHLQWHUSUHWHGDVDILOWHUWKDW
DOORFDWHV PRUH ZHLJKW WR WKH ELRHOHFWULFDO GLSROHV DGMDFHQW WR WKH UHFRUGLQJ SRLQWV DQG WKXV SHUPLWV WR




>@ /DWHU RQ /X DQG 7DUMDQ  GHYHORSHG DQ DFWLYH /DSODFLDQ VHQVRU WKDW FRQVLVWHG LQ WULSRODU
FRQFHQWULF ULQJHOHFWURGH LQTXDVLELSRODUFRQILJXUDWLRQ7&%ZKHUH WKHRXWHU ULQJDQG WKHFHQWHUGLVF
ZHUHHOHFWULFDOO\VKRUWHGWRVWXG\WKHDSSOLFDELOLW\RIWKLVNLQGRIHOHFWURGHVWRORFDOO\GHWHFWDUUK\WKPLDLQ
UHDOWLPH>@$FWLYH7&%HOHFWURGHVKDYHDOUHDG\EHHQXVHGWRHVWLPDWHWKH/DSODFLDQSRWHQWLDORIRWKHU
ELRHOHFWULFDO VLJQDOV VXFK DV WKH HOHFWURHQFHSKDORJUDP ((* HOHFWURHQWHURJUDP ((Q* >@ DQG WKH
HOHFWURK\VWHURJUDP(+*>@
1HYHUWKHOHVV WKH FOLQLFDO DSSOLFDWLRQ RI /DSODFLDQ WHFKQLTXH LV VWLOO OLPLWHG LQ VSLWH RI LWV QXPHURXV
DGYDQWDJHV7KLVLVGXHWRWKHIDFWWKDWWKHVHHOHFWURGHVKDYHEHHQLPSOHPHQWHGRQULJLGVXEVWUDWHVZKLFK
QHLWKHU ILW SURSHUO\ WR WKH ERG\ VXUIDFH FXUYDWXUH QRU RIIHU WKH QHFHVVDU\ FRPIRUW LQ DPEXODWRU\
DSSOLFDWLRQV DV LW KDSSHQV ZLWK WKH HOHFWURGHV SUHVHQWHG LQ WKLV ZRUN 7KXV WKH JRDO RI WKLV ZRUN LV WR








WKH LQQHU GLVF DQG WKH RXWHU ULQJ DUH VKRUWHG WRJHWKHU VHH )LJXUH  WKLV FRQILJXUDWLRQ SURYLGHV DQ
DSSUR[LPDWLRQ WR WKH /DSODFLDQ SRWHQWLDO >@ 7KH IOH[LEOH HOHFWURGHV DUH LPSOHPHQWHG E\ SULQWLQJ




WKHVH VXEVWUDWHV E\XVLQJ D VWLFN\ WDSH )LODPHQW$3702Q WKHRWKHU KDQG WKH VNLQHOHFWURGH





HOHFWURGHV LQYROXQWHHUV)LUVWO\ WKHFKHVWVNLQZKHUHHOHFWURGHVKDG WREHSODFHGZDVH[IROLDWHGDQG
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$OO WHVWHG IOH[LEOH VXEVWUDWHV VKRZHGJRRGDGKHUHQFHZLWK WKH VLOYHUDQGGLHOHFWULFSDVWHV'LHOHFWULF
SDVWH WDNHV RII IURP SRO\HVWHU0HOLQH[67 DIWHU PRUH WKDQ  F\FOHV ZKHUHDV ERWK FRQGXFWRU DQG
GLHOHFWULFSDVWHVUHVLVWHGLQERWK8OWHP56*DQG9DOR[)5IRUPRUHWKDQF\FOHV7DEOHVKRZV
WKH HOHFWURGHVNLQ FRQWDFW LPSHGDQFH PHDQ DQG VWDQGDUG GHYLDWLRQ YDOXH IRU ERWK IOH[LEOH DQG ULJLG
HOHFWURGH LQ  YROXQWHHUV ,W LV QRWHZRUWK\ WKDW DOO IOH[LEOH HOHFWURGHV SUHVHQWHG ORZHU VNLQHOHFWURGH
LPSHGDQFH WKDQ WKH ULJLGRQHZKLFKPD\VXJJHVWDEHWWHUVNLQHOHFWURGHFRQWDFW FDQEHDFKLHYHGXVLQJ
IOH[LEOH HOHFWURGHV %DVHG RQ WKHVH WHVWV IOH[LEOH HOHFWURGH LPSOHPHQWHG RQWR 8OWHP56* ZDV
VHOHFWHGIRUIXUWKHU(&*PRQLWRULQJDQDO\VLVWKDQNVWRHDVLQHVVIRUVFUHHQSULQWLQJDQGLWVVOLJKWO\ORZHU
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